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T h e  experi,,lcntal  approach of  using hig}L-Q [Ii(,l>i,) r, ]r, ] P v , V( :( sonatc,  r ((J - 1 0’ c’) a){d hi~,}l resolut ion t}tcr  Inol[le  try
t o  a c h i e v e  prccisc nicasurcJIlcnts  of the dc IIsity ;I,<I [I li[r  I  j !,cnollle]ia ill l i q u i d  h{liu[r[  ~~eat  ],hase t r a n s i t i o n s  i s
d e s c r i b e d .  ‘l’he l,uIl~erical  v e r i f i c a t i o n s  o f  t][e t > II{ 11111  III -1  f ,+.ii,ility e< w(1I  65 t}Ic a},~JlicsitiuILs of  tl!c p r e c i s i o n

densi ty lncasurelllent  tec},niqucs are discussed

1. lN’J’ll  C)l)l_JC:”J’10N
‘1’hc I,antbda  l’oint Experil[lent (1,1’14;)  rcc~ r~tly { (III

ducted i n  space[l]  },as de,])  onstrated t h e  i,,,},c,  ~:t ~ (
o f  nlicrogravity a n d  t h e  h i g h - r e s o l u t i o n  t}lcli!,o]ll~  L]Y
(JIIV1’)  in  advancing fundsin,ental k n o w l e d g e  f ( c,ti

. .
u o u s  p h a s e  t]ansltlons a]~cl  in con  f~rming  the )((l(,Til(il-

ization group (ltG) theory [2] .  ln this  work,  W( ]< ~,:! L a
n e w  expcri]lkental  approach which can yield stat( -{)( ! I t
a r t  d e n s i t y  and clitical  ~,hen onlena ]lleasurc)licl,t~  II(,FI

the p}lase  transitions of helium. “l’he principle (f tlli:.  till
preach is to utilise the I1}Lg’  technique and the c tiIIaI Iity
of h i g h - r e s o l u t i o n  a n d  strrbility  in the rescjll~llt  fl(l i ,~r,.
ties of superconducting cavities to detect sxt]all  ( }Ltil,r,C  L it
the dielectric constant of liquid heliut,]  near tl,  c I;,,, ‘Ii
transi t ion,  thereby providing precisioxi  xl~easurc  1!(< IIt i! ))
the specif ic  heat  c[itical e x p o n e n t  C! and t},c :I]I,},IILL :’<
cocflicicnts.

2 .  2’111;  1’IIYSICA1,  C: C) N(21~:l’1’S 1’()}{  }’1:1:
C:l S1ON l)l:;NS1’J’Y  MI’;ASLJ1l l; M) I’N’l’::
The derivation of precise dexlsity  (p) ilIf(,llll?  tir,[l f,,, t,

t h e  d i e l e c t r i c  cc,nstant (c)  is  based cm the C:liIII.  IUL.

M o s s o t t i  )elation: (c- I)/(c-} 2) = (4xc70P)/(31,  f), v. it [<
M is the x,lolcculirt  weight ,  and the polarizabilitj  rw i : C.
sunlcd  to he corist ant n e a r  t h e  l a m b d a  tra~lsiti,ll(. ], z~i‘1
dition, the resonal,t  frequency shift (A~) of a I,IiC I ~ ,V <v,
cavity containing liquid hcliuln  is related to t}, c c }!F)I:<  ~
in the dielectric constant of the liquid hcliunl:

Af , f-f !., . fno(s - Co)llq’dfl

-fo fo Jno  col~l’d(l  ‘ (]

where the il~teg ration is l~erforn]ed  over the CIIt IIi v.J’IIjI~f
00 of t h e  nlicrowavc  cavi ty,  and 1; is the elc[ tri~ fitl:~ C,
the resonant n~odc.

:)ur C>], ( )i][,ci,tzl tccl, r,iqucs  ilivolvc  u s i n g  h i g h - Q

I I I iunl  IIlicl(,wavc  lcsoIlfit~,rs (Q . . 1010) to achieve high
frl ,:ucncy  1~:.(,luti(,n (a few parts i,, 10”) fo* precise n,ea-
SI ( JIiel,ts  (,f tl!e  [Ii{lcctlic  co]lst ant c  i n  l i q u i d  hclirr~n

J I II phfisc  tlans)tlc>lts. ‘J’}IC tc][lpelature  resolution and
st I ilitj cf . ]0- ‘“K  a r c  ~c}iicved w i t h  t h e  u s e  of IIRT.
‘I ) { stat~--of  t h e - a I t  d e n s i t y  r[lcasu~cluerits  of the liquicl
4 :,< IIea T t]lc lar[t~,da  tla~,silior[ can  p r o v i d e  best e v e r
I, ucs  foI t h e  critiml cx},or~~llt o a n d  t h e  anlplitude  co-
( j“,{ iel~ts f[, r the therIilal e> ~mnsion coctlcient DP ( u n d e r
({ lstallt l~r< .surc 1’ a]ld fc, ] a g,ive]~  r e d u c e d  t e m p e r a t u r e
(, f ; (1’ ‘l’, )/Y’A):

II ,(lclitic,r,  t, Obt KiIIiIIF,  IIIOrC ~mccise  va lues of rr, A, 1), A
: };, wc C~M invest igate the ul,iversality of the lambda

(I, ~ siti-,r,  t} pr<cist cle,, sity II, casu, enients near 2“I(J’)
f[ varic, us I,]essLIJes  awdy  frc,]ri  t h e  v a p o r  p r e s s u r e ,  a s
i, II as I,cfir 7’a(X  ) fc)r diflelcllt 311e  c o n c e n t r a t i o n s  ( X )

il t}Lc ‘Ilc-{)lc ulia  lures. ‘J’}lc  pressure variat ions can
I, ac}iicvcd  \,Y usinc,  t}(c llrir,ht  of  t}~c l i q u i d  hcliuru COl-

:1 III i n  a c,i~>acit[,r level  sc],sor w h i c h  i s  co~lnccted  to
(I I ]Iii( I(Iw~vc cavity,  arid the ],rcssurc  control  and read-
(I t can  l)r  /rl\icv ccl }Jy  usill~, tile tul~nel  diode o s c i l l a t o r
ii (! thr. ca],acitcll-i!lductc)] c;lcuit rtcvelo~jcd  b y  C. ‘ J ’ .
\  I l)(~,f,ft[:+].  A  },reci~iol,  c~f OIIC p a r t  i n  1 08  can  t~c

;1 I,,cve;l fol the h e l i u m  }l(i~,}!t  r e a d o u t ,  and since it  is
v ~ 1’ kn(lwIl  that Y’A(}’)  s}, ifts downward  with the height
7  hy Z’A(Z) 7j,(0) I WZ,  w i th  70 = 1.273  .uK/cIn,  t h e

allo!vs  universal i ty to be  t rea ted
u}) t{) 1 3  pK ‘J’he verification of

I,y NASA/OISMSA and P a c k a r d



universal i ty  near  7~(X) for different ‘IIe conc( ],tr?ti~,r  s
can be achieved by fmc-tuning X values usin~ tl, r ‘ I!( P 1
flush” technicluc[4].

4 .  NUMII;lLICAI,  Vl;lU}I’lCAg’lC)NS  & A l’-
1’I,l[:A’J’IONS  01’ ~’111’;  Ef’1tCIINl(/l.f IJ

To test whether the density profile p(z)q’) ca] I,c r’<
rived from the measurements of the resonant frcquc  ],< y
s h i f t ,  w e  cclnsider  the rllicrowave c a v i t y  a t  a c(JI,~t o]it
temperatrrrc b e t w e e n  7\(0) and !l’a(d),  w h e r e  7i(d) ,

T;(O) -t Ted, and d is the height of the cavity. Ilutl, it,  c
densi ty and the dielectr ic  constant  are  ful~rtic,),s  t,f  tt,c
p o s i t i o n ,  a% showJI  in Fig.]. We assurnc that, t},c Cx}>](  <
s i o n  f i t t e d  to the p(7’)  data  by l)onnelly et al.[:,]  cal t,<
interpolated into the suL-r  I1icrokelvin  region, rti,d wr  usf

them to generate the ccrrrcsponding  6(2’)  and [A.f(2’)/jc],
w h e r e  jO denotes  the resc,nrmt  frequency at  7’ , 1’> (~1)
These “ex~,eril[lc~,tal  values” o f  [Aj(T)/fo] alc U’( ,1 t~,
dcconvolutc  t}lc d e n s i t y  ~,rc,filc p(z,’1’),  a n d  t}~ ]< sil~s
are  compared wit}l  the original curves fitted to P(?’)  I,y
l)onnelly ct al. for veritlcatic)n of  the feasibi l i ty t~f C,L I t ~
perimenta]  approac}l. ‘1’he representat ive resul ts  f[,l 8 J i
crowave cavity of 1.0 cm }~eight,  temperature st fil]iliiy c,f

6T/T -10- “ and frequency resolution of 6j/j . . )() ~: ,
a r e  s h o w n  i n  l,’ip, s.2(a) al~d 2(b)  for  l,artb. bcl~lrld  ], < <.
suren~ents  a n d  f o r  a  n~icrogyavity  cnviron~l~ent,  lr:~J,l,.-
tively. We note that, although our frequency ICSC, IU ti:,;l
can be up to Jj/j .- 10-16, the densi ty resc,luti,  ], is 1,
i t e d  b y  t h e  teInpcTature  stabifity 61’/7’  --10” “ As tllr

HILT  techl,iques advance fur ther ,  higher  frcqut I,( y ]<..
lutions will bccox,lc  relevant. In addition, we ),(,te  t}, fit
t h e  c r i t i c a l  e x p o n e n t  a and the ampli tude cc, efll< i< )lts
can be deter  u]incd to rrll~,recedcnted  precision,  fi],},rt,> ,

rnately to ol(e part  in 10 8 .

Another  appl icat ion of  our  technique is  tttt ill ts
tigation  of tl(e  g r a v i t y - i n d u c e d  superfluid/r~o~!llal  fiIticl
i n t e r f a c e .  l’c)r a  g i v e n  tcrrtpersrture  betwecrl 1’>((1) ti)d
Zj(d), the interface thick ]~ess (((T)) (where  tht. c(,[[{ lti -
t i o n  lengtli is  given by ((l’) = (Oltl-””)  is al,p~<,xil,,~tcly
equal to

‘0[2$)1 {G’0)- 1)1-”+ (2’A$K:)’ “)”
(:{)

Conscquelltly,  b y  ]neasuring  t h e  a b r u p t  c}irr,,~.c.  i,, :.}(
.,

(A j/jo) as the interface enters  the microwave ctvily fI:IrI

t}le bottom, wc can determine the thickness c~f t}, ( ilt{ r
f a c e  re.ginle  as a  funct ion of  the temperature,  the T ( t~}
estirmatinf, t}, e cIitical  e x p o n e n t  u. S i n c e ,  fcl  V I lilt (
d i m e n s i o n a l  systel~,, t}le scal ing relat ion 3V : 2 o }Ic,lt~c,
the accuracy of  the cr i t ical  exponent  cr earl bc i!i[l<l,:l,
dently verified via the ILlcasurernent  of v.

Finally,  our lliicrowave tec}lniques can alsc, l)< \,!., I 1(
study the losses associated wit}i  the critical, flt~c  Lusi  ;:III~

by measuring the Q-values of the cavity ul~der  thr 11< s
ence of ultrasonic waves c,n liquid helium. “J’he  l{, s’, c: (Iu(

to I ,itic}!l  fiurtuatic,ns car, l,rc,vicle direct  inforlnation  f o r
t),, dyntilt, ic expc>l,el,t  zJ61 }Icar t h e  p h a s e  t r a n s i t i o n s  o f
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}  i, I Sclle]o~tic  iHustratioll~ of  t h e  ~,ravity-ir,duccd vari-

a t  Ills ill 7j(~) a n d  tlie sulwrfluid  (S)/nor~nal f l u i d  ( N )
ir,,lfac~ at 2 22, ,ihcre .,, ~ [7~(d)  -  Yi(0)]/vo  i s  de-

t- I ined  t,y the tem~,crature of t}, e cavity. The profiles
(If 1 c elrctrir f ield illter!sity 11:17  fc,r the l’F,o II r[lc]de a n d
of !}le cllclcctlic constant  ~(z) ale also shown.
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1’ t, ? Co~[,p~risol~  of  the liquid  helirrl,l  d e n s i t y  d a t a  ob-
(t ,Icd f,ol,, decor,  \cJuting, the frequency shif ts  (Aj/jo)
t, i thc)sc fr,],, t h e  cxperill,clltal f i t t i n g s  by llc,nnelly  e t

F I ‘~,] fc,r (i,) l;artl,-t,cuncl IIrcirsurcnlcrrts  a n d  f o r  ( b )  rni-
ct I,ri+vity  cl,lirc,ll][l<llt.

,,

“1

,, I

J. A. I,i}~a ct al., l)hys. }Lev. I}ett. 7 6 ,  9 4 4  ( 1 9 9 6 ) .

(;. Al,k,  s, }\.CV.  hfOd.  }’hys.52,  4 8 9  ( 1 9 8 0 ) .

(;. ‘J’. Van l)c~Iift aTld .J. 1{. ]’ellam,  Proc. 13th Int.
(:cn, f. o], I,OW ‘1’clr[l). }’l, ys., ed. b y  K .  1). l’irnn~er-
haus et ril., vol.1, pg.343  ( 1 9 7 4 ) .

1). A  Neeper and  1,. Meye~,  l’hys.  R e v .  1 8 2 ,  2 2 3

(19G9).

IL. J. l),,],nclly  ct al., i,! “’J$he observation propert ies

of  lic:ui~~ hcli~l~ll at th~ s a t u r a t e d  v a p o r  p r e s s u r e ” ,
(1$93).

1). }] }[oe,  G. l(uppc~rl(.r,  and 11. M e y e r ,  J .  IIOW.
‘J’el,,~,.  )’l,ys  27, ‘[4’/ ( 1 9 7 7 ) .


